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A bacteriocin-producing BaciUlus cereus strain was isolated. The bacteriocin, here called cerein, was shown
to be active specifically against other B. cereus strains and inactive against all other bacterial species tested.
Cerein was detected in the culture supernatants of stationary-phase cells, and its appearance was inhibited by
induction of sporulation. The bactericidal activity of cerein was insensitive to organic solvents and nonproteo-
lytic enzymes, partially stable to heat, and active over a wide range of pH values. Direct detection of
antimicrobial activity on sodium dodecyl sulfate-polyacrylamide gel suggested an apparent molecular mass of
about 9 kDa.

The gram-positive spore-forming bacterium Bacillus
cereus is a widely distributed organism in the environment
and can be easily isolated from a variety of foods, including
dairy products, meats, spices, and cereals. Because of its
high incidence in dairy products, B. cereus is considered the
most important spore-forming species in milk and is respon-
sible for spoilage of pasteurized milk (7, 24). In spite of the
initial low number of B. cereus cells, this organism quickly
becomes the predominant species in pasteurized milk. The
total number of B. cereus cells decreases when the pH of the
medium becomes strongly acidic, probably as a consequence
of growth of lactic acid bacteria (18).

B. cereus has been recognized as the agent of two distinct
food-borne illnesses, the emetic syndrome, occurring within
1 to 5 h after ingestion of contaminated food and character-
ized by nausea and vomiting, and the diarrheal syndrome,
occurring 8 to 16 h after ingestion and characterized by
abdominal cramps, diarrhea, and rectal tenesmus (17). The
diarrheal response has been proposed to result from the
ingestion of large amounts of B. cereus, while the emetic
response is likely to result from ingestion of preformed toxin
in food (8). At least two distinct enterotoxins have been
recognized: a heat-stable one with an apparent molecular
mass of 5,000 Da and an unstable one with an apparent
molecular mass of about 50,000 Da (22). However, the role
of proteases (4, 10, 12, 14) and hemolysins (2, 3) in the
pathogenesis is still unclear.
The present report describes the identification of a protein

with bactericidal activity in the culture supernatant of a
strain of B. cereus isolated in food. This bacteriocin, called
here cerein, was active against other B. cereus strains, from
both lab collections and food isolates, while it had no effect
on other bacteria tested. A physiological and biochemical
characterization of cerein showed that its synthesis is in-
duced at the beginning of the stationary phase and that it has
an apparent molecular mass of about 9,000 Da and is stable
after various chemical and physical treatments. The features
of cerein, together with its specificity against B. cereus
strains, make this bacteriocin potentially interesting as an
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antimicrobial agent for the control of B. cereus in foods,
without interference with the growth of other bacteria.

MATERIALS AND METHODS

Strains and media. A strain of B. cereus isolated in food
identified in our laboratory, was designated GN105 and
cultured in brain heart infusion (BHI) broth (Difco, Detroit,
Mich.). The sporulation medium utilized was Difco Sporu-
lation Medium (DSM) prepared as described by Nicholson
and Setlow (19). The isolate was characterized as a B. cereus
strain by agar base tests (Biolife, Milan, Italy) according to
Holbrook and Anderson (11). B. cereus 6A2 (obtained from
the Bacillus Genetic Stock Center, Ohio State University)
was used as an indicator strain in all the antimicrobial
assays, except where otherwise indicated.

Chemicals. All the chemicals were purchased from J. T.
Baker, (Deventer, Holland) and from Sigma (St. Louis,
Mo.).

Cerein preparation. Culture supernatants of strain GN105,
grown in glucose-supplemented BHI broth at 30°C, were
collected 2 h after the beginning of the stationary phase. The
samples were centrifuged, filter sterilized (0.45 ,um-pore-size
filter), and precipitated with 80% ammonium sulfate. After
removal of ammonium sulfate by Centricon 3 dialysis (3,000,
molecular weight cutoff) (Amicon, Beverly, Mass.), the total
protein concentration, determined according to the method
of Lowry et al. (16), was about 1.5 mg/ml.

Antimicrobial assay. Tryptone-yeast extract (TY) agar
(0.7%), containing 107 cells of the indicator strain per ml,
was overlaid on 1.5% TY agar plates. When the soft agar was
hardened, 5 ,ul of the cerein preparation was spotted on the
plate, and after about 16 h of incubation at 30°C, an inhibi-
tion halo was clearly visible.

Effects of enzymes, organic solvents, heat, and pH on
bacteriocin. Enzymes (100 ,ug/ml) and 10% organic solvents
(see Table 3) were added to 150-,ul samples of culture
supernatants. Enzyme-treated samples were incubated 1 h at
37°C (42°C in the case of proteinase K), and solvent-treated
samples were incubated for 1 and 5 h at 25°C, before being
tested for antimicrobial activity. The effects of heat stability
and pH on cerein were analyzed by assaying the bactericidal
activity after 15 min of incubation at 45, 60, 75, and 90°C and
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TABLE 1. Antimicrobial spectrum of cerein

No. of strains
Organism inhibited/no.

tested

Bacillus cereus......................................... 11/11
Bacillus subtilis.......................................... 0/5
Escherichia coli ......................... ................ 0/4
Listeria innocua .......................................... 0/1
Listeria monocytogenes......................................... 0/1
Shigella sp.......................................... 0/1
Streptococcus cremoris ......................................... 0/1
Streptococcus diacetolactis.................................... 0/1
Streptococcus lactis......................................... 0/6
Staphylococcus aureus.......................................... 0/1

after 1- and 5-h incubations at 30°C in 50 mM phosphate
buffer (pH 6.0), adjusted to the various pH with HCI and
NaOH.
Mode of action. An exponentially growing culture of the

indicator strain B. cereus 6A2 (106 cells) was suspended in 50
mM phosphate buffer (pH 6.0) and exposed for a maximum
of 180 min to various concentrations of the bacteriocin. At
various times the number of surviving bacteria (CFU per
milliliter) was determined by plate counting.

Direct detection of bacteriocin activity on gel. Proteins
contained in two 60-,ul samples of culture supernatants of
strain GN105 were fractionated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS PAGE) (50 mA).
After 5 h, the gel was removed and cut into two vertical
parts. One part of the gel, containing one sample and the
molecular weight standards, was stained with Coomassie
brilliant blue R250 (Sigma). The other part, containing the
other sample, was tested for antimicrobial activity by the
method of Bhunia et al. (5), with the following modifications.
The gel was fixed immediately by a 3-h treatment in 20%
isopropanol-10 mM Tris-HCl (pH 7.5) and washed for 1.5 h
in 10 mM Tris-HCl (pH 7.5). The gel was then placed into a
petri dish and overlaid with 7 ml of 0.7% agar containing 106
cells of the indicator strain. The dish was then incubated at
30°C for about 16 h and analyzed for an inhibition halo.

RESULTS

A protein secreted by B. cereus shows antimicrobial activity.
Culture supernatants of several strains of B. cereus isolated
in food were filter sterilized and tested for the presence of
antimicrobial activities by halo inhibition assay on agar
plates. Strain GN105 was found to produce and secrete a
protein factor, called cerein hereafter, which strongly re-
duced the growth of the B. cereus indicator strain utilized.
Cerein action appeared to be highly specific against other B.
cereus strains, whereas it was not active against various
gram-positive and gram-negative species tested (Table 1).

Cerein synthesis and/or secretion was observed when
strain GN105 was grown in glucose-supplemented BHI broth
at 30°C, while no antimicrobial activity was observed for
growth in various other minimal or rich media (Table 2).
Induction of sporulation also inhibited the appearance of
cerein, as observed when strain GN105 was grown in DSM
medium (Table 2). Finally, no bacteriocin was detected
when strain GN105 was grown in BHI broth at 25°C, while
only a reduced amount of cerein was found at 37°C (Table 2).
Cerein synthesis and/or secretion was also dependent on the
growth phase of the B. cereus strain. Culture supernatants of
strain GN105, grown in glucose-supplemented BHI broth at

TABLE 2. Cerein production and/or secretion in various
growth conditions

Mediuma Temp (°C) Cerein activity"

TY 30 0
TSS 30 0
DSM 30 0
BHI 30 10.0
BHI 25 0
BHI 37 5.0

a Tris Spizizen salt (TSS) minimal medium was supplemented with 0.4%
glucose and 0.1% Casamino Acids (19); BHI broth was supplemented with
0.1% glucose.

b Cerein activity is reported as the diameter (in millimeters) of the inhibition
halo in plate assays (see Materials and Methods).

30°C, were collected at various times during exponential and
stationary growth. Samples were filter sterilized and tested
for bacteriocin activity by halo inhibition assays on agar
plates. As shown in Fig. 1, bacteriocin activity was not
detected in samples collected during exponential growth but
was detected in samples collected at the beginning of the
stationary phase. A decrease of the bactericidal activity of
culture supernatants occurred about 3 h after the beginning
of the stationary phase (Fig. 1).

Effects of enzymes, organic solvents, heat, and pH on cerein
activity. A cerein preparation obtained after ammonium
sulfate precipitation was tested for sensitivity (measured as
the loss of inhibition in an agar plate assay) to various
enzymes, organic solvents, heat, and pH values. As shown
in Table 3, the antimicrobial activity was not affected by
treatment with lysozyme, ribonuclease A, DNase, or any of
the organic solvents used, while it was completely lost after
treatments with trypsin, chymotrypsin, and protease K
(Table 3), thus suggesting the proteinaceous nature of the
bacteriocin. Cerein was also partially stable to heat treat-
ments; the activity was maintained during treatments up to
75°C and disappeared only after 15 min of incubation at 90°C
(Table 3). Cerein was also active over a wide pH range, with
only partial sensitivity to extremely acidic or extremely
basic conditions (Table 4).
Mode of action. To determine whether cerein had a bacte-

ricidal or a bacteriostatic effect, various concentrations of
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FIG. 1. Correlation between growth and cerein appearance in

the medium. Open symbols refer to the growth curve of strain
GN105 in glucose-supplemented BHI broth at 30°C. Closed symbols
indicate the diameter of the inhibition halo observed in agar plate
assays with samples collected at various times during growth.
OD590, optical density at 590 nm.
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TABLE 3. Effects of enzymes, organic solvents, and heat on
cerein activity

Treatmente Activityb
None .............................................. 10.0
Trypsin .............................................. 0
Chymotrypsin .............................................. 0
Protease K.............................................. 0
DNase.............................................. 10.0
Ribonuclease A.............................................. 10.0
Lysozyme .............................................. 10.0
Acetonec........................................................ 10.0
Acetonitrilec....................................................... 10.0
Ethyl alcoholc.............................................. 10.0
Chloroform .............................................. 10.0
Methyl alcoholc.............................................. 10.0
Toluenec........................................................ 10.0
Incubation (15 min) at:
45°C.............................................. 10.0
600C.............................................. 10.0
75°C.............................................. 7.5
900C....................................................0
a The enzyme concentration was 100 pLg/ml; the total protein concentration

of the crude cerein preparation was 1.5 mg/ml.
b Cerein activity is expressed as the diameter (in millimeters) of the

inhibition halo in plate assays (see Materials and Methods).
c A 10% (vol/vol) concentration was used.

the bacteriocin were added to the indicator B. cereus strain
suspended in phosphate buffer (pH 6.0). The number of
surviving indicator bacterial cells was determined by plate
counting at various times after the addition of the bacterio-
cin. As shown in Fig. 2, the incubation of cells with cerein
reduced the number of surviving cells, thus suggesting its
bactericidal activity. The effect increased with the increase
in the protein concentration and the incubation time.

Cerein is a 9-kDa protein. SDS-PAGE (Fig. 3A) revealed
that stationary-phase culture supematants of strain GN105
contained about a dozen proteins. The 15% polyacrylamide
gel, containing stationary-phase culture supernatants after
ammonium sulfate precipitation, was cut into two vertical
parts. The part of the gel containing the sample and the
molecular weight markers was stained, while the remaining
part, containing only the sample, was fixed and used for
direct detection of antimicrobial activity by the method of

TABLE 4. Effect of pH on cerein activity

Activity' after
pH

lh 5h

1 6.0 6.0
2 7.5 7.5
3 10.0 10.0
4 10.0 10.0
5 10.0 10.0
6 10.0 10.0
7 10.0 10.0
8 10.0 10.0
9 10.0 10.0
10 10.0 10.0
11 10.0 10.0
12 10.0 10.0
13 4.5 4.5

a Cerein activity is indicated as the diameter (in millimeters) of the
inhibition halo in plate assays at 300C (see Materials and Methods). The total
protein concentration of the crude cerein preparation was 1.5 mg/ml.
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FIG. 2. Effects of various concentrations of cerein on the growth

of the indicator strain. Exponentially growing cells of the indicator
strain were incubated with the bacteriocin at 30°C, and samples
were tested for growth after various incubation times. The protein
concentrations of the cerein preparations were 0 (El), 15 p.g/ml (A),
37.5 ,ug/ml (A), and 75 ,ug/ml (-). For other details, see Materials
and Methods.

Bhunia et al. (5). As shown in Fig. 3B, the bactericidal
activity of cerein is associated with a band having an
apparent molecular mass of about 9 kDa.

DISCUSSION

In the last few years a variety of antagonistic factors,
including metabolic end-products, antibiotic-like compounds,
and bacteriocins, mostly produced by lactic acid bacteria,
have attracted attention for their potential use as food
additives (15). Most of the bacteriocins show a narrow
spectrum of action, as they inhibit strains closely related to
the producer organisms, while only few bacteriocins inhibit
diverse groups of gram-positive bacteria (13). We report here
the identification and a partial characterization of a bacteri-
ocin produced by a strain of B. cereus isolated in food. This
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FIG. 3. SDS-PAGE of stationary-phase culture supernatants of
B. cereus GN105. (A) Stained portion of the gel. The arrow indicates
the region of the gel responsible for the inhibition halo shown in
panel B. (B) Portion of the gel overlaid with the indicator strain as

described in Materials and Methods. The arrow indicates the
inhibition halo observed after overnight incubation at 30°C. The
inhibition halo in the upper part of panel B was obtained with an

aliquot of the same sample used for electrophoresis.
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bacteriocin, which we call cerein, differs from other bacte-
riocins so far identified in that it does not inhibit lactic acid
bacteria and is active exclusively against other B. cereus
strains. This specificity of cerein could be useful for depress-
ing B. cereus growth without interfering with other bacteria
normally present in food preparations.

B. cereus is considered an emerging food-borne pathogen
and is becoming increasingly of concern as a potential
determinant of food poisoning, because of the occurrence of
enterotoxic strains able to grow at temperatures below 8°C
(20, 23). Recently, B. cereus has been recognized as the
agent of two distinct food-borne illnesses, the emetic syn-
drome and the diarrheal syndrome (21). Bacteremia, menin-
gitis, pneumonia, endocarditis, and wound and ocular infec-
tions have been also reported as consequences of B. cereus
infections in patients with cancer and acute leukemia (1, 9).

Cerein showed a bactericidal mode of action. As shown in
Fig. 2, a decrease in CFU per milliliter was observed after
exposure of the indicator strain to various concentrations of
the bacteriocin. Although our experimental approach did not
allow verification of whether cell lysis occurred, these
results suggested that cerein acts as a bactericidal agent. The
proteinaceous nature of the bacteriocin was indicated by the
loss of cerein activity after treatment with proteolytic en-
zymes, and the apparent molecular mass of the bacteriocin
was estimated to be about 9 kDa by direct detection of
bactericidal activity after SDS-PAGE (Fig. 3). As found
earlier with other bacteriocins produced by mesophilic bac-
teria (6, 21), cerein activity was not affected by treatments
with several organic solvents. The stability of cerein over a
wide pH range and after heat treatments up to 75°C indicated
that its bactericidal function is active in a variety of different
conditions; this is an interesting feature in view of its
potential use as a food additive.

Synthesis and/or secretion of the bacteriocin appeared to
be strictly regulated. Cerein was detected only in the culture
supernatants of cells grown in glucose-supplemented BHI
broth at the optimal temperature of 30°C. A temperature
shift to 25 or 37°C resulted in complete disappearance of or
a decrease in the bactericidal activity, respectively. Induc-
tion of sporulation, obtained by growing B. cereus GN105 in
DSM medium, also showed a negative effect on cerein
production and/or secretion. The bactericidal activity ap-
peared at the beginning of stationary growth and declined 2
to 3 h after its appearance, probably as a consequence of its
inactivation or degradation. These observations suggest that
cerein synthesis, secretion, and action occur through a
complex regulatory process, whose study will be facilitated
by the isolation of the cerein structural gene and its regula-
tory elements.
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